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Background: Previous studies have shown that prenatal exposure to the Dutch famine is associated with an
increased risk for several psychiatric disorders. Variation in personality characteristics and in stress appraisal
may underlie mental disorders.
Aims: To investigate whether prenatal famine exposure is associated with personality characteristics and
stress appraisal.
Study design: Cohort study.
Subjects: Participants included a total of 572 men and women, born as term singletons in a local hospital in
Amsterdam around the time of the 1944–1945 Dutch famine.
Outcome measures: Scores on the Big Five Inventory and the Perceived Stress Scale (PSS).
Results: There were no statistically signiﬁcant differences in the personality traits openness, conscientious-
ness, extraversion, agreeableness and neuroticism or in PSS scores between those unexposed and those ex-
posed to famine during early, mid or late gestation. However, there were statistically signiﬁcant (P=0.01)
and borderline signiﬁcant interactions (P=0.07) respectively between exposure to famine during early ges-
tation and sex on conscientiousness and agreeableness. Subsequent analyses showed that men exposed to
famine during early gestation had lower conscientiousness scores and women exposed during early gestation
had higher agreeableness scores.
Conclusions: We conclude that conscientiousness and agreeableness may differ between men and women
unexposed and exposed to famine during early gestation. As evidence was not very robust, future research
should conﬁrm the present ﬁndings.
© 2011 Elsevier Ireland Ltd. Open access under the Elsevier OA license.1. Introduction
Adverse circumstances during life in the womb may have conse-
quences stretching throughout the entire lifespan. A theoretical basis
for this idea has been formulated in the fetal programming hypothesis,
which states that a poor environment in utero affects the structure and
functioning of the developing organs of the fetus inﬂuencing physical
and mental health in later life [1]. A strong supporting case for the fetal
programming hypothesis has been provided by studies investigating
the effects of prenatal exposure to the Dutch famine on health later on
in life. The Dutch faminewas a 5 month period of extreme food shortage
which struck the urban western part of the Netherlands during the last
winter of World War II in 1944–1945. Food rations dropped to as low
as 400 cal per day. The later health of babies who were carried by




 the Elsevier OA license.than the health of their contemporaries. Next to being at increased risk
for several physical diseases such as cardio-metabolic disease and breast
cancer [2], those prenatally exposed to the Dutch famine have been
found to be at increased risk for a range of mental disorders. Higher oc-
currence of schizophrenia, schizophrenia spectrum disorders, antisocial
personality disorder and addiction disorder have been shown in men
and women exposed to famine during early gestation, while people ex-
posed to famine during any stage of gestation have been shown to suffer
from depression more often [3–8]. The association between famine ex-
posure in early gestation and increased risk of schizophrenia was later
replicated in a cohort of people prenatally exposed to the 1959–1961
Chinese famine [9].
Extremes in personality traits are at the fundamental core of mental
disorders. Of the personality traits incorporated in the generally recog-
nized ﬁve-factor model of personality, extreme scores on four of them
have been linked to diverse personality and mood disorders. These
characteristics include: high scores on neuroticism and low scores on
agreeableness, conscientiousness and extraversion [10, 11]. Another as-
pect generally assumed to underlie susceptibility for psychiatric disease
is stress appraisal, the degree towhich individuals perceive situations as
stressful [12]. We previously showed that the physiological blood pres-
sure response to a psychosocial stress protocol was increased in people
322 S.R. de Rooij et al. / Early Human Development 88 (2012) 321–325exposed to famine during early gestation [13]. This ﬁnding suggests that
stress appraisal may be higher in those prenatally exposed to famine.
This is in line with evidence suggesting that not only mental disor-
ders but also personality traits and stress appraisal as well may have
their origins in utero, which may not come as a surprise as they are so
intertwined. The evidence is largely based on studies investigating
the associations between preterm birth or size at birth, a summary
marker for the prenatal environment, and various personality charac-
teristics (for an overview of many of these studies see [14]). Allin and
colleagues found that young adults who were born very preterm had
lower extraversion scores, higher neuroticism scores, and higher lie
scores on the Eysenck Personality Questionnaire [15]. Surprisingly,
Pesonen et al. showed that adults who were born with a very low
birth weight scored lower on openness, but higher on conscientious-
ness and agreeableness [16]. As the authors indicate, high scores on
these last two traits may be protective against mental disorders rath-
er than a risk factor. Schlotz et al. showed that in 7–9 year old chil-
dren, weight and head circumference at birth were negatively
associated with hyperactivity and positively with effortful control, a
temperamental trait [17]. Wiles et al. showed that those born with
low birth weight had increased odds of psychological distress in
later life [18]. Lahti et al. reported that smaller size at birth was asso-
ciated with higher trait anxiety in adulthood [19].
As variation in personality characteristics and in stress appraisalmay
underlie mental disorders and risk for these disorders is heightened by
prenatal famine, we hypothesized that they may share a common basis
in fetal life. This hypothesis seems to be supported by the evidence on
associations between preterm birth, small size at birth and diverse per-
sonality characteristics. We set out to investigate whether prenatal ex-
posure to the Dutch famine is associated with the above referenced
extremes in personality traits as well as with higher stress appraisal.
2. Methods
2.1. Participants and selection
Participants were selected from the Dutch Famine Birth Cohort.
This cohort consists of 2414 men and women born as term singletons
in the Wilhelmina Gasthuis, a local hospital in Amsterdam, between 1
November 1943 and 28 February 1947. The selection procedures and
loss to follow up until 2002 have been described in detail elsewhere
[20, 21]. Cohort members were eligible for participation in this
study if they lived in the Netherlands on 1 September 2008 and if
their address was known to the investigators. From 2002 on, 31 per-
sons had died, 6 had emigrated, 11 had an unknown address and
8 had requested their address to be removed from our database. A
total of 1372 eligible individuals were invited to participate. The
study was approved by the local Medical Ethics Committee and car-
ried out in accordance with the Declaration of Helsinki. All partici-
pants gave written informed consent.
2.2. Exposure to famine
The ofﬁcial daily food-rations for the general population of
21 years and older were used to deﬁne exposure to famine [22]. A
person was considered to be prenatally exposed to famine if the aver-
age daily food-ration of the mother during any 13-week period of
gestation contained less than 1000 cal. Based on this deﬁnition,
babies born between 7 January 1945 and 8 December 1945 had
been exposed in utero. In correspondence with all previous publica-
tions on this cohort [2], we delineated periods of 16 weeks each to
differentiate between those exposed in late gestation (born between
7 January and 28 April 1945), in mid gestation (born between 29 April
and 18 August 1945) and in early gestation (born between 19 August
and 8 December 1945). People born before 7 January 1945 andconceived and born after 8 December 1945 were considered as unex-
posed to famine in utero and acted as control groups.
2.3. Data collection
Information about the mother, the course of the pregnancy and the
size of the baby at birth was extracted from medical birth records [21].
All further data were collected by means of a standardized question-
naire which was ﬁlled out at home by the participants either in paper
form or via an especially designed Internet application. Educational
level wasmeasured on a 10-point scale ranging fromprimary education
not completed (score 1) to university completed (score 10).
We used a Dutch validated translation of the Big Five Inventory
(BFI) to assess personality characteristics [23]. The BFI is an estab-
lished and well-validated model of personality consisting of ﬁve
scales with a variable number of items. Items have to be self-rated
on a 5-point Likert scale ranging from strongly disagree to strongly
agree [24]. The ﬁve scales include: openness to experience (10
items, range 10–50 points), conscientiousness (9 items, range 9–45
points), extraversion (8 items, range 8–40 points), agreeableness (9
items, range 9–45 points) and neuroticism (8 items, range 8–40
points). In the present study, Cronbach's alpha was 0.81 for openness,
0.76 for conscientiousness, 0.80 for extraversion, 0.74 for agreeable-
ness and 0.86 for neuroticism indicating good internal consistency
for all scales. To measure stress appraisal we used a Dutch translation
of the Perceived Stress Scale (PSS) [25]. The PSS is a validated 14 item
self-report instrument aimed at measuring the degree to which situ-
ations in one's life are appraised as stressful. Ratings have to be given
on 5-point scales ranging from never to very often (total scale range
0–56 points). Internal consistency of the PSS in this study was 0.80.
2.4. Statistical analyses
We applied linear and logistic regression analyses to compare out-
come variables between those exposed to famine during early, mid or
late gestation and those unexposed to famine during gestation (with ad-
justment for sex in all models). Because the literature indicates that
women consistently score higher on the neuroticism and agreeableness
scales, men often score higher on the extraversion and openness scales
and boys have been suggested to be more vulnerable to nutritional dep-
rivation during gestation, we investigated whether there were signiﬁ-
cant interactions between sex and famine exposure on the BFI scales
[23, 26, 27]. We did so by introducing the interaction term sex* famine
exposure to the regression models. We additionally corrected our
models for a number of potential confounders. To correct for potential in-
ﬂuences of selective fertility induced by the famine, we adjusted for the
following maternal variables that may serve as proxies for fertility: age
at delivery, weight gain during the third trimester, weight at the last an-
tenatal visit, primiparity and socio-economic status at birth (occupation
of the head of the familymanual or non-manual). To correct for potential
effects of size at birth, we adjusted for the birth outcomes weight and
head circumference at birth. Finally, as education has been shown to be
associated with the BFI scales openness, conscientiousness and neuroti-
cism [23], we also adjusted for the participants' educational level. We
considered differences to be statistically signiﬁcant if Pb0.05. Additional-
ly, to correct for multiple testing when analyzing differences on the BFI
scales, we applied a Bonferroni correction using a P value of 0.005
(1/[5 variables tested*2 gender groups]*0.05). Where P-values are
given, they are 2 sided.
3. Results
3.1. Population characteristics
Of the eligible population of 1371 cohort members, 601 individuals
participated in the 2008 study. Of these 601 participants, 36 did not
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analysis. Table 1 shows that 341 participants had been prenatally unex-
posed and 224 participants had been prenatally exposed to famine (of
whom 86 during late gestation, 86 during mid gestation and 52 during
early gestation). There were somewhat more women in the group of
participants exposed to famine in mid gestation compared to the
group of unexposed participants. Mothers exposed to famine during
late gestation were older, gained less weight during the third trimester,
weighed less at the last antenatal visit and were more often primipa-
rous. Mothers exposed in mid and early gestation gained more weight
during the third trimester and weighed less and more consecutively at
the last visit before birth. Babies exposed to famine during mid and
late gestation had lower weights and smaller head circumferences at
birth, while those exposed in early gestation had a higher mean birth
weight. As adults, those exposed to famine during late gestation had a
higher educational level.3.2. Big Five Inventory
Overall, the mean score for openness was 34.7 (SD 5.8), for consci-
entiousness 33.6 (4.7), for extraversion 28.1 (5.0), for agreeableness
33.6 (4.7), and for neuroticism 20.5 points (5.7). Compared to men,
women had a higher agreeableness score (1.2 point [95% Conﬁdence
Interval: 0.4 to 2.0], P=0.002) and a higher neuroticism score (2.3
points [1.4 to 3.3], Pb0.001). Maternal variables were not associated
with the BFI scales, but the birth outcomes birth weight and head cir-
cumference at birth were both associated with extraversion. One kg
decrease in birth weight was associated with 1.0 point (0.0 to 1.9,
P=0.04, adjusted for sex) increase in the extraversion score, while
one cm decrease in head circumference was associated with 0.4
point (0.1 to 0.7, P=0.01) increase in the extraversion score. There
were no signiﬁcant interactions between sex and birth outcomes on
extraversion.
Education was positively associated with openness (0.9 point in-
crease per educational level increase [0.6 to 1.1], Pb0.001, adjusted for
sex) and negatively with neuroticism (0.4 point decrease per educa-
tional level increase [0.1 to 0.6], P=0.004). There was a signiﬁcant in-
teraction between sex and education on openness (P=0.02). The
association between education and openness appeared to be stronger
in women (1.2 point [0.8 to 1.5], Pb0.001) than in men (0.6 point
[0.2–0.9], P=0.002).Table 1
General, maternal, birth and adult characteristics according to prenatal exposure to the Du
Exposure status Born before Exposed in late gestation Expose
General characteristics
N 175 86 86
Men (%) 46.3 46.5 33.7
Age (years) 64.6 63.9 63.6
Maternal characteristics
Age at delivery (years) 28.2 32.2a 29.3
Weight gain third trimester (kg) 2.8 0.2a 4.0
Weight at last antenatal visit (kg) 65.5 62.3a 64.2
Primiparous (%) 38.3 20.0a 31.0
Occupation head of family manual (%) 77.7 65.4 68.5
Birth outcomes
Gestational age (days) 284 283 285
Birth weight (g) 3353 3179a 3193a
Head circumference (cm) 32.7 32.5a 32.1
Adult characteristics
Educationb 4.5 4.9a 4.7
Note: Data are given as means (SD), except where given as percentages.
a Statistically signiﬁcant difference (Pb0.05) compared to those unexposed to famine du
b Educational level measured on a 10-point scale (1 = primary education not completedFamine exposure was not signiﬁcantly associated with any of the
BFI scales (Table 2). However, we found a statistically signiﬁcant in-
teraction between famine exposure in early gestation and sex on con-
scientiousness (P=0.01) and a borderline signiﬁcant interaction
(P=0.07) between famine exposure in early gestation and sex on
agreeableness. Repeating the analyses according to gender (Table 3)
showed that men who had been exposed to famine during early ges-
tation scored lower on conscientiousness compared to unexposed
men (−2.3 points [−4.4 to −0.2], P=0.03). Women exposed to
famine during early gestation scored higher on agreeableness
compared to unexposed women (1.9 point [0.0 to 3.8], P=0.05).
Adjusting for maternal, birth and adult characteristics did hardly at-
tenuate the effect sizes of the associations, but the differences were
no longer statistically signiﬁcant (−2.4 points [−5.7 to 0.9],
P=0.15 in case of conscientiousness for men exposed in early gesta-
tion and 1.7 point [−1.4 to 4.7], P=0.28 in case of agreeableness for
women exposed in early gestation). The differences shown also did
not survive Bonferroni correction (P=0.01N0.005 in case of consci-
entiousness for men exposed in early gestation and P=0.05N0.005
in case of agreeableness for women exposed in early gestation).
3.3. Perceived stress scale
Themean total score on the PSS was 20.0 points (SD 7.2) (Table 2).
Women had a higher mean PSS score than men (3.0 points [95% CI:
1.7 to 4.2], Pb0.001). Educational level was negatively associated
with the PSS score (0.6 point decrease per educational level increase
[0.3 to 1.0], Pb0.001, adjusted for sex). Maternal variables and birth
outcomes were not associated with the PSS score. The PSS score did
not signiﬁcantly differ between those exposed to famine during
early, mid or late gestation and those prenatally unexposed to the
famine.
4. Discussion
The present study results suggest little effect of prenatal exposure
to famine on personality traits and stress appraisal. Men exposed to
famine during early gestation scored a little lower on conscientious-
ness and women exposed to famine during early gestation scored a
little higher on agreeableness, but these differences did not survive
a correction for multiple testing and otherwise there were no differ-
ences between those exposed and those unexposed to famine intch famine.
d in mid gestation Exposed in early gestation Conceived after All (SD) N
52 166 565
a 46.2 47.6 44.6 565
63.4 62.6 63.6 (0.9) 565
27.1 28.8 29.0 (6.4) 542
a 5.3a 3.6 3.0 (2.8) 376
a 70.7a 69.6 66.4 (8.7) 472
40.4 37.1 34.2 542
61.7 71.4 70.9 454
288 286 285 (12) 478
3557a 3451 3349 (469) 542
a 33.0 33.2 32.7 (1.5) 531
4.1 4.3 4.5 (2.1) 509
ring gestation (based on logistic or linear regression analysis, adjusted for sex.).
, 10 = university completed).
Table 2
Total scores on Big-Five Inventory and Perceived Stress Scale according to prenatal famine exposure.
Exposure status N Born before Exposed in late gestation Exposed in mid gestation Exposed in early gestation Conceived after All
Big Five Inventory
Openness 519 34.8 35.1 34.4 33.3 34.8 34.7 (5.8)
Conscientiousness 530 33.9 33.8 33.3 33.3 33.6 33.6 (4.7)
Extraversion 525 28.0 28.0 27.5 27.9 28.5 28.1 (5.0)
Agreeableness 524 33.4 33.5 33.9 34.1 33.5 33.6 (4.7)
Neuroticism 529 20.2 19.7 21.3 20.9 20.6 20.5 (5.7)
Perceived Stress Scale
Total score 510 19.8 19.4 20.6 21.0 20.1 20.0 (7.2)
Note: Data are given as means (SD) of sum scores on both scales.
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those exposed to famine during early gestation had increased blood
pressure responses to stress, the present results also showed no dif-
ferences in perceived stress [13].
General ﬁndings in this study did correspond with ﬁndings from
the literature. Women scored higher on agreeableness and neuroti-
cism than men and education was positively associated with open-
ness and negatively with neuroticism [23].
Previous studies have shown small size at birth to be inversely as-
sociated with various personality traits including temperamental
traits, trait anxiety and psychological distress [14, 17–19]. Also,
those born very preterm were found to score lower on extraversion
and higher on neuroticism and lie scales, while those born with
very low birth weight were found to score higher on the BFI factors
conscientiousness and agreeableness and lower on openness [15,
16]. We did not ﬁnd such associations with birth weight. We did
ﬁnd that both weight and head circumference at birth were negative-
ly associated with extraversion. We are unaware of any other studies
showing negative associations between birth weight, head circumfer-
ence at birth and extraversion and this ﬁnding may be spurious. We
suggest that it must be replicated before commenting on a possible
explanation.
Men exposed to famine during early gestation scored lower on the
conscientiousness scale. Low conscientiousness has been shown to be
associated with depression, schizophrenia, antisocial personality disor-
der and addiction disorder, which are all associated with famine expo-
sure in early gestation [4–7, 28–31]. This suggests a common basis in
fetal life for the personality trait conscientiousness and these mental
disorders, which seems to conﬁrm our study hypothesis. However, the
difference shown was no longer statistically signiﬁcant after correction
for multiple testing and the other ﬁndings contradict our hypothesis.
We found no differences in conscientiousness for women prenatally ex-
posed to famine, whereas we had expected a difference as they also
have an increased risk for mental disorders. Furthermore, expected dif-
ferences in neuroticism, extraversion and agreeableness were not
found. Finally, we had expected to ﬁnd lower agreeableness in those
prenatally exposed to famine, instead we found that women exposed
to famine during early gestation scored higher on agreeableness com-
pared to those prenatally unexposed to famine (although again thisTable 3
Total scores on Big-Five Inventory scales conscientiousness and agreeableness according to
Exposure status N Born before Exposed in late gestation Exposed
Men
Conscientiousness 235 33.0 32.5 33.2
Agreeableness 237 33.7 33.8 33.2
Women
Conscientiousness 289 33.7 34.3 34.3
Agreeableness 293 34.0 33.7 33.3
Note: Data are given as means (SD) of sum scores on both scales.
a Statistically signiﬁcant difference (Pb0.05) compared to those unexposed to famine dudifference did not survive correction for multiple testing). Together
with the fact that differences were small and only found after splitting
up according to gender, our ﬁndings do not look very robust. Neverthe-
less, the results may reﬂect true differences. Again, replication of the
ﬁndings is warranted.
We previously showed that those who had been exposed to the
famine during early gestation had higher blood pressure responses
to a psychosocial stress protocol, making it likely that they are more
vulnerable to stressful situations. The absence of an association be-
tween prenatal famine exposure and stress appraisal was thus unex-
pected. At least the trends in the mean scores on the PSS did go in the
same direction: although not statistically signiﬁcant, the highest
mean PSS score was found among those who had been exposed to
famine in early gestation. However, perceived stress does not have a
one-to-one relationship with the actual biological stress response
[32, 33]. It could be that no differences exist in perceived stress be-
tween those prenatally exposed and those unexposed to famine,
while at the same time men and women conceived during the famine
do respond more intense to stressors physiologically. Alternatively,
the negative results could be explained by the fact that perceived
stress does not only depend on person characteristics but also on en-
vironmental factors. Unfortunately, we did not have any information
on chronic stress, daily hassles or stressful life events which we could
control for. This may have hampered our chances of ﬁnding an asso-
ciation between prenatal famine exposure and perceived stress.
To our knowledge this is the ﬁrst study ever to investigate person-
ality differences as a consequence of exposure to prenatal undernutri-
tion. Strengths of the study include the availability of data on
maternal and birth characteristics and the study design. The Dutch
famine struck a population that was well nourished before the famine
and ended rather abruptly, which allowed the effects of a speciﬁc pe-
riod of undernutrition during speciﬁc stages of gestation to be stud-
ied. A ﬁnal strength is the use of the BFI and the PSS, both
frequently used and well-validated measures [24, 25]. Of course,
there are limitations as well. We based individual prenatal exposure
to famine on the date of birth of the participant and calculating
whether at least 13 weeks of gestation were spent in a period
where the ofﬁcial food rations were below 1000 cal a day. We do
not know the actual maternal nutritional intake, but the ofﬁcialprenatal famine exposure and sex.
in mid gestation Exposed in early gestation Conceived after All
32.3a 33.1 32.9 (4.8)
31.4 33.7 33.4 (4.9)
35.7 33.9 34.1 (4.4)
35.3a 33.5 33.8 (4.5)
ring gestation (based on linear regression analysis).
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available [22]. As 44% of eligible cohort members participated in the
study, selective participation may be a source of bias. Furthermore,
data on personality traits were self-reported. Self-reported personal-
ity traits, though, have been shown to highly correlate with personal-
ity ratings by spouses, peers and experts and to be powerful
predictors of actual behavior [34, 35]. Finally, as already noted
above, it is a weakness that sample size was relatively small and the
statistical power to detect differences limited.
In conclusion, we found some evidence that the personality traits
conscientiousness and agreeableness may differ between men and
women exposed to famine during early gestation and those unex-
posed to famine during gestation. The evidence was not very robust
though. Future research should conﬁrm the present ﬁndings.
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